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Abstract
The application of MEMS technology for the fabrication of MOX sensors with low power consumption becomes now a very
important trend in gas sensor design. However, traditional silicon technology has some evident disadvantages, when applied in
high-temperature devices produced in limited batch. We present our attempt to combine the advantages of ceramic MEMS
technology (high working (600ºC) and technological treatment (1000ºC) temperature, chemical stability at high temperature)
with the advantages of additive technologies for the fabrication of functional elements of gas sensor (heaters, sensing, and
catalytic layers). We developed conductive silver, gold and platinum nanoparticle (10–30 nm) inks usable in ink and aerosol jet
printers and demonstrated the possibility to fabricate narrow conductive lines of microheaters and electrodes of sensor (line width
~ 35 Pm). The combination of jet printing onto thin ceramic substrate with laser cutting enables the fabrication of advanced
cantilever type sensors operating in pulsing heating mode.
© 2015 The Authors. Published by Elsevier Ltd.
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1. Introduction
The application of additive technology (2D and 2.5D printing using ink and aerosol jet equipment) in
combination with thin (8 – 12 Pm thick) ceramic substrates for the fabrication of MOX semiconductor and
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thermocatalytic gas sensors enables a superposition of advantages of both technologies. Ceramic MEMS with 12 Pm
Al2O3 or ZrO2/Y2O3 membrane (Fig.1) described in [1] can operate at 600ºC, withstands technological annealing up
to 1000ºC, works in harsh environment, and is characterized by perfect adhesion of platinum and other functional
layers. However, the deposition of platinum heaters by magnetron sputtering leads to very high consumption of
platinum and, therefore, to an increase in production cost of microhotplates. On the other hand, the application of
photolithography for the patterning of microheaters requires the application of clean room equipment and increases
again the production cost of MEMS devices.
Screen printing usage is limited by fragility of ceramic membrane and printing resolution of ~150 Pm. As a result,
such sensor consumes >150 mW, much more than silicon MEMS [2].
The application of ink and aerosol jet printing for ceramic MEMS chips of semiconductor and thermocatolytic
gas sensors, fast temperature and gas flow sensors, etc. permits the fabrication of devices free of most disadvantages
of silicon technology and of the techniques related with platinum sputtering and photolitography. This approach
gives wireless applicable strain-free cantilever devices (Fig. 2) fabricated by laser cutting of alumina membrane,
precious metals are used only for the deposition of sensor elements, printing speed is sufficient for medium scale (~1
million per year) production, and the adhesion of platinum nano-particles of the ink are characterized by perfect
adhesion to alumina substrate after annealing at moderate temperature (<800ºC). Sensors are usable under harsh
environment, e.g. for the monitoring of technological processes and harsh technological accidents.
Fig. 1. Alumina film (12 Pm thick) prepared by anodic oxidation of aluminum followed by annealing at 800ºC. Membrane size is 48×60 mm.
          A                                                                            B
Fig. 2. (A) Alumina cantilever chip in TO8 package. Alumina film thickness is of 12 Pm. (B): optimized layout of the sensor chip on alumina
substrate; line width is of 40 Pm, heated area is of about 250x250 Pm.
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2. Experiment
As a prototype for our microheater we took a device described in [3] and presented in Fig. 2B. This microhotplate
was fabricated using platimum sputtering and further photolithography over 30-Pm anodic alumina substrate. The
application of cantilever with ~250x250 Pm hot area and 30-50 Pm wide conductive lines enables the fabrication of
sensors with power consumption of about 40-50 mW at continuous heating to 450ºC After patterning of platinum
elements of the sensor, the sensing layer consisting of a suspension of tin dioxide nano-particles was deposited over
the microhotplate using drop coating process. The printable metallic ink containing ~15 – 20 wt.% of 10-30 nm Ag,
Au, and Pt particles suspended in organic solvent were prepared by wet method and optimized for the application in
Dimatix DMP 2831 printer (Fig. 4A) and for aerosol jet printer (Fig. 4B).
A               B
Fig. 4. (A) Dimatix DMP 2831 ink jet printer and (B) aerosol jet printer
(Neotech – Optomec) used for the deposition of conductive lines on thin
alumina ceramic substrate.
A            B
Fig. 5. (A) Nano-particles of platinum included in the ink for aerosol and ink-jet printing. (B) From left to right: dense Ag ink; diluted Au
and Ag inks for aerosol and ink jet printers.
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The ink contained individual nano-particles of platinum and other metals without agglomerated. To prepare this
ink, platinum in diluted solution of H2PtCl6 was reduced by formic acid and concentrated using high-speed
centrifuge (50 000 rpm). A TEM picture of nano-particles of Pt with size of 3 – 8 nm is presented in Fig. 5A. The
inks (Fig. 5B) have viscosity of about 10 cP.
3. Results and Discussion
An example  of  the  print  of  35 Pm wide  Ag lines  with  35 Pm separation on 12 Pm alumina film is presented in
Fig. 6A. For this, Ag containing ink was inserted to the reservoir of in et printer and printed using a single nozzle of
the instrument. The application of air pre-annealed at 800ºC ceramic film gives high quality print with superficial
resistance of about 2 Ohm/Ƒ for ceramic MEMS devices. The sintering of Ag print and good adhesion was obtained
a low temperature (ca. 300ºC). Similar result was obtained with the application of Pt containing ink. In this case,
after annealing at 350ºC platinum film on ceramics has sufficient adhesion to the glass substrate to pass “scotch
test”. For the application in gas sensor, a layer of platinum nano-particles is sintered at 800ºC.
The printing of the microheater of cantilever type ceramic MEMS gas sensor was carried out using aerosol jet
printer. In this printer, a suspension of metal nano-particles was atomized using two methods: pneumatic and
ultrasonic. A flow of aerosol particles containing metal nano-particles was focused to the substrate using air flow. As
a result, diameter of the jet was equal to about 30 Pm. 3-axis printing head of the aerosol printer enabled to fabricate
microheater with the width and distance between lines in the hot horseshoe shaped area (upper part of the print in
Fig. 6B) equal to 40 Pm. After the deposition of heater element, the substrate was annealed at 800ºC and cut using
optic fibre “Minimarker” laser to form triangle shaped microcantilever. Power consumption of this microhotplate is
of about 50 mW at continuous heating at 450ºC and ~ 250 PW in pulsed heating regime with duty cycle of 0.5 %.
A                                          B
Fig. 6. (A) Conductive lines (Ag) deposited using ink-jet printer;
line width is of 35 Pm with distance between lines 35 Pm. (B)
Cantilever sensor layout printed using aerosol jet printer; line width
and distance between lines in upper part of the sensor
(microhotplate) is of 40 Pm.
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